INTRODUCTION {#sec1-1}
============

Impaired thyroid hormones metabolism may be considered as a cause of various heart disorders and abnormal endothelial function([@ref1][@ref2][@ref3]). Indeed, thyroid hormone deficiency and hypothyroidism are related to defects in the secretion of endothelium-dependent dilation factors([@ref1][@ref4]). The levels of thyroid stimulating hormone (TSH) are increased in subclinical hypothyroidism which has been related to elevated cardiovascular risk in epidemiological surveys([@ref5]). TSH activity is exerted on a definite cell membrane. TSH receptors are controlled by a thyroid-specific growth factor. Based on a recent report, the presence of TSH receptor has been shown in extra-thyroid organs, with unidentified functions. Data shown that TSH, plays an essential function in hepatic cholesterol production and increased total blood cholesterol levels. Also, considering that the TSH receptor is presented in HUVECs, it has been indicated that, TSH exposure stimulates tumor necrosis factor-α (TNF-α) which is a pro-inflammatory factor([@ref6])and related stigma([@ref1][@ref7][@ref8]). Also, a positive relationship among endothelium-relates vasodilation and TNF-α and interleukin-6 (IL-6), were reported in hypothyroid patients([@ref9]). Likewise, TSH stimulates IL-6 release from 3T3-L1 adipocytes([@ref5]). On the other side, since adhesion molecules are engaged in inflammation phenomena, the study of these factors is imperative. In this regards, reports shown that patients with subclinical hypothyroidism had noticeably elevated levels of intercellular adhesion molecule-1 (ICAM-1) versus healthy subjects([@ref10]).

In this regards it could be deduced that, the vascular inflammatory reaction involves intricate interactions among inflammatory cells, endothelial cells, vascular smooth muscle cells, and the extracellular matrix. Therefore, vascular damage is related to elevated levels of adhesion molecules expression by endothelial cells and the role of inflammatory cells, growth factors, and cytokines([@ref11]).

According to the previous studies, TNF as an inflammatory cytokine plays an imperative role in vascular disturbance in experimental surveys([@ref11][@ref12]). Some cellular phenomena like leukocytes adhesion, and invasion of vascular cells arise with the pro-inflammatory cytokines including IL-6, which plays a key role in atherosclerosis([@ref12][@ref13]). In addition, pro-inflammatory cytokines and TNF-α have promotive effects on the production of the ICAM-1 on cultured endothelial and epithelial cells. It is possible that this effect plays an essential role in inflammation regulation. It has been reported that, IL-6 resulted to oxidative stress and endothelial dysfunction induction by affecting the angiotensin II receptor([@ref14]).

On the other hand, TNF-α activates NF-κB which results to E-selectin gene expression with reactive oxygen species (ROS) production. Indeed, the formation of ROS in endothelial cells is prompted by inflammatory cytokines such as TNF-α([@ref15]). Considering the fact that the vascular endothelial growth factor potently induced angiogenesis, there is an evidence showing that TNF-α had an antiangiogenic effect that was impressed by the vascular endothelial growth factor (VEGF)-definite angiogenic way([@ref16]). Since, impaired vascular function had multifactorial etiology that is associated with aging, inflammation, injury, hyperlipidaemia and several other elements which are engaged in the pathogenesis of atherosclerosis([@ref12]). Therefore, this study evaluated the TSH effects on pro-inflammatory factors such as TNF-α and IL-6, accompanied by endothelial dysfunction markers (VEGF, E-selectin, and ICAM-1) which are related to atherosclerosis induction in HUVECs.

The aim of our survey was to evaluate the TSH effects on the HUVEC as assignee of vascular endothelial cells to evaluate whether change in TSH level could affect the endothelial function or not. Indeed, we investigated the possible effects of TSH on the endothelial dysfunction which, these TSH effects and also altered levels of ICAM-1, E-selectin, and VEGF (that have major roles in endothelial function)([@ref17])might be the essential factors in atherosclerosis progression.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Chemicals and materials {#sec3-1}

TSH was purchased in powdered from Sigma Aldrich Company (Cat No: T1775, Sigma, USA) and dissolved in distilled water. TNF-α and IL-6 enzyme-linked immunosorbent assay (ELISA) kit were obtained from IBL International GmBH (Hamburg, Germany). RNA purification and cDNA synthesis kit were purchased from GeneAll Company (South Korea). A real time polymerase chain reaction (PCR) master mix was prepared from Ampliqon (Denmark). Western blot materials were purchased from Bio-Rad Inc. Cell culture materials were obtained from Biowest, France.

### Cell culture and treatments {#sec3-2}

HUVECs were purchased from the Pasteur institute of Iran (Tehran, I.R. Iran). The HUVEC cells were seeded in a complete medium containing Dulbecco\'s modified eagle medium (DMEM)/F12 with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin and the cells were incubated in a 5% CO~2~-humidified incubator at 37 °C. The HUVEC cells had a flagging morphology in all cell cultures.

In order to evaluate the effects of TSH, 1 × 10^6^ HUVEC cells were seeded 24 h before treatments in the FBS free medium. Thereafter, cells were treated with different doses of TSH (1 and 2 μM) for 24 and 48 h in the FBS free medium, according to a previous similar survey([@ref18]).

### The enzyme-linked immunosorbent assay {#sec3-3}

IL-6 and TNF-α levels were determined by the ELISA method and 5 × 10^3^/well of HUVEC cells were cultured in 96-well plates overnight before treatments. Subsequently, the cells were treated with TSH (1 and 2 μM) for 12, 24, and 48 h. After the period of exposure, the cells culture plates centrifuged in 1500 g for 5 min and then the cell supernatant collected. In following, protein levels evaluations according to the ELISA kit protocols. In the following, 100 μL of a standard solution was added to each well. The well blank was prepared by adding 100 μL of the sample diluent. In addition, 50 μL of the sample diluent was added to each sample well, after 50 μL of the treated sample were poured. Then, conjugate biotin was added and maintained for 2 h at room temperature (18-25 °C). After the period of incubation, streptavidin-HRP was added and maintained at room temperature for 1 h. At that time, washing with phosphate buffered saline (PBS) (pH 7.4) was performed. Incubating with tetramethylbenzidine as substrate was done at room temperature. By ELISA reader, the absorbance of each sample at 450 nm was quantified.

### Real time-polymerase chain reaction {#sec3-4}

Cells (10^6^/well) were grown in 6-well plates 24 h before exposure to TSH. To evaluate the effects of TSH treatments on the mRNA level of ICAM-1, E-selectin, and VEGF, the cells were treated with different concentrations (1 and 2 μM) of TSH for 24 and 48 h. Total RNA was purified by GeneAll kit (cat.No.: 305-101) according to the manufacturer\'s instructions. RNA integrity was evaluated by gel electrophoresis. Two μL of total RNA was utilized for cDNA synthesis. Real time-PCR was performed by Ampliqon master mix (cat. No.: A325402) with specific forward and reverse primers for all genes (with two replicates). β-actin mRNA was evaluated as the internal control to normalize gene expression. Primer sequences used for of ICAM-1, E-selectin, VEGF, and β-actin are listed in [Table 1](#T1){ref-type="table"}.

###### 

Primers sequences of intercellular adhesion molecule 1 (ICAM-1), E-selectin, vascular endothelial growth factor (VEGF), and β-actin for real time-PCR

![](RPS-13-546-g001)

The mRNA levels of ICAM-1, E-selectin, and VEGF were normalized to β-actin mRNA levels. PCR was run as 40 cycles at 95 °C for 15 s, 62 °C for 30 s, and 72 °C for 30 s. The negative controls for each target showed an absence of carryover. Data of target mRNA copies were calculated relative to β-actin using the 2^-ΔCt^ method.

### Protein extraction and western blotting {#sec3-5}

In order to evaluate the effects of TSH on the protein expression of ICAM, VEGF, and E-selectin, 10^6^ HUVEC cells were seeded and treated with TSH (1 and 2 μM). After 6 and 24 h of exposure, the cells were washed with PBS (pH 7.4) and then trypsinized. After calculating the number of treated cells, isolated HUVEC cells were lysed and centrifuged at 16000 g for 15 min at 4 °C. Then, supernatants were utilized for protein detection.

Proteins were measured by the Bradford method. Proteins specimens were separated by SDS-polyacrylamide gel and transferred to polyvinylidene difluoride (PVDF) membranes. The blots were blocked in 5% skim milk solution at room temperature. In the following, the PVDF membrane was incubated overnight with a primary antibody, anti-ICAM-1, E-selectin, and β-actin (Santa Cruz, USA). After washing the membrane, incubation was done with a secondary antibody (with horseradish peroxidase-conjugated anti-mouse) for 3 h. The immunoblots were incubated with Amersham ECL western blotting detection reagent (GE Healthcare Life Science, Boston, MA, USA), followed by exposure to X-ray film. To evaluate the bond densities of the proteins, the Image J software was used to analyze the densities. Each protein band was normalized to β-actin bands.

### Statistical analysis {#sec3-6}

The presented data were analyzed by SPSS software, version 21.0 (SPSS, Inc.) and GraphPad Prism (version 6.01). Real-time PCR and ELISA data are presented as the mean ± SD. In order to evaluate the differences between means, *t*-tests was used to compare each group with the control. For multiple analyses between groups, One-Way ANOVA was applied. Statistical differences were considered at *P* \< 0.05.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Effects of TSH on the TNFa and IL-6 expression levels in HUVECs {#sec3-7}

In order to examine the effects of TSH on endothelial cells, the expression of TNF-α and IL-6 levels as pro-inflammatory factors was evaluated by ELISA methods. The cells were exposed to different concentrations of TSH (1 and 2 μM) for 12, 24, and 48 h. The results of this study showed that TSH remarkably down-regulated the TNF-α levels.in all treatment periods. As shown in [Fig. 1](#F1){ref-type="fig"}, there was a significant decrease in TNF-α in TSH treated cells, when compared to the untreated controls in all exposure times (*P* \< 0.05). In further analysis, there were no significant differences in cells treated with 2 μM TSH, as compared to cells treated with to 1 μM TSH in all examined incubation times (*P* \> 0.05).

![Down regulation of tumor necrosis factor-α (TNF-α) level in HUVECs by thyroid-stimulating hormone (TSH) exposure. After treatments with TSH (1 and 2 μM) for 12, 24, and 48 h, protein expression evaluated by ELISA method. \* Indicates significant differences (*P*\< 0.05) compared to control group. Data are presented as mean ± SD values derived from three independent experiments.](RPS-13-546-g002){#F1}

The results obtained from IL-6 analysis ([Fig. 2](#F2){ref-type="fig"}) revealed that TSH down-regulated IL-6 levels in the 12 h treatment period (*P* \< 0.01). In the case of 24 and 48 h incubation periods, there was a decrease in the IL-6 levels compared to the control, but these differences did not reach significant levels (*P* \> 0.05). As presented in [Fig. 2](#F2){ref-type="fig"}, there was a significant decrease in IL-6 levels of 1 and 2 μM TSH treated cells, in comparison to the controls in all exposure times (*P* \< 0.01).

![Down regulation of interleukin-6 (IL-6) levels in HUVECs by thyroid-stimulating hormone (TSH) exposure. After treatments with TSH (1 and 2 μM) for 12, 24, and 48 h, protein expression evaluated by ELISA method. \* Indicates significant differences (*P*\< 0.05) compared to control group. Data presented as mean ± SD values derived from three independent experiments.](RPS-13-546-g003){#F2}

### Effects of TSH on the VEGF, ICAM-1, and E-selectin gene expression levels in HUVECs {#sec3-8}

In order to investigate the effects of TSH on the gene expression of VEGF, ICAM-1, and E-selectin on endothelial cells, the mRNA levels of adhesion and angiogenic related factors were evaluated by the real-time PCR method. The cells were treated with different doses of TSH (1 and 2 μM) for 24 and 48 h. Real time-PCR results showed that treatment with TSH (1 and 2 μM) for 24 h increased the expression of E-selectin mRNA ([Fig. 3A](#F3){ref-type="fig"}; *P* \< 0.01, *P* \> 0.05, respectively). As shown in [Fig. 3B](#F3){ref-type="fig"}, the E-selectin mRNA levels became slowly elevated over 48 h of treatment with 2 μM of TSH compared to 1 μM. The amount of increase recorded using 1 μM TSH was higher compared to that for 2 μM (*P* \< 0.01). Moreover, for the treatment conducted in 24 h, the E-selectin mRNA levels of HUVEC (2 μM) increased insignificantly in comparison to the control (*P* \> 0.05). Between varying doses in 48 h treatment time, there was a significantly elevated level of E-selectin in 2 μM compared to 1 μM ([Fig. 3B](#F3){ref-type="fig"}). These data indicated that the up-regulation of E-selectin during 48 h was concentration dependent. Consequent upon exposure to different concentrations of TSH, the E-selectin levels in a dose of 2 μM increased significantly in comparison to 1 μM treatments. Based on the real time-PCR data analysis presented in [Fig. 4A](#F4){ref-type="fig"}, the ICAM-1 mRNA levels increased significantly over 24 h of treatment with 1 and 2 μM TSH (*P* \< 0.01). By comparing between various doses in the 48 h treatment time, there were elevated levels of ICAM-1 in 2 μM (*P* \< 0.01) and 1 μM (*P* \< 0.01) doses in comparison to the controls ([Fig. 4B](#F4){ref-type="fig"}. Furthermore, in comparison with the different doses of TSH, the ICAM-1 mRNA levels of HUVEC (1 μM) had a higher level than 2 μM in the case of 24 and 48 h exposure (*P* \> 0.05).

![mRNA levels of E-selectin in HUVECs cells treated by thyroid-stimulating hormone (TSH) (1 and 2 μM) for (A) 24 h and (B) 48 h exposure times. Data presented as mean fold change ± SD values derived from three independent experiments. \**P*\< 0.01.](RPS-13-546-g004){#F3}

![mRNA levels of intercellular adhesion molecule 1 (ICAM-1) in HUVECs cells treated by thyroid-stimulating hormone (TSH) (1 and 2 μM) for (A) 24 h and (B) 48 h exposure times. Data presented as mean fold change ± SD values derived from three independent experiments.\**P*\< 0.01.](RPS-13-546-g005){#F4}

As presented in [Fig. 5A](#F5){ref-type="fig"}, the results indicated that the VEGF mRNA levels in 1 and 2 μM TSH increased significantly over 24 h of the treatment (*P* \< 0.05). In addition, in comparison with the different doses of TSH, the VEGF mRNA levels of HUVEC (1 μM) recorded significant differences to 2 μM TSH in the case of 24 h exposure. In addition, the VEGF mRNA levels of HUVEC treated with 1 μM TSH had significant differences in comparison to the control.

![mRNA levels of vascular endothelial growth factor (VEGF) in HUVECs cells treated by thyroid-stimulating hormone (TSH) (1 and 2 μM) for (A) 24 h and (B) 48 h exposure times. Data presented as mean fold change ± SD values derived from three independent experiments.\**P*\< 0.05, \*\**P*\< 0.01.](RPS-13-546-g006){#F5}

In 48 h incubation with TSH ([Fig. 5B](#F5){ref-type="fig"}, similar results were obtained in comparison to 24 h. Indeed, between the different doses in the 48 h treatment time, there was an elevated level of VEGF in 2 μM than 1 μM (*P* \< 0.05). These data indicated that the regulation of VEGF during 24 h and 48 h, depended on the concentration.

### Effects of TSH on the E-selectin and ICAM-1 protein expression levels in HUVECs {#sec3-9}

According to the results of the western blotting analysis by Image J software as presented in [Fig. 6A](#F6){ref-type="fig"} and [6B](#F6){ref-type="fig"}, the ICAM-1 protein levels were elevated over 6 and 24 h of treatment with 1 and 2 μM of TSH in comparison to the control. Besides, among the different doses of TSH, the ICAM-1 expression in 1 μM dose of TSH treated cases had higher levels in comparison to 2 μM in 6 and 24 h. The amount of increase (ICAM-1 protein expression) over 24 h was higher than that obtained during the 6 h treatment time. According to western blotting results, the protein expression levels in the examined doses (24 h) were parallel to the real-time PCR data.

![Prortein detection for evaluation of E-selectin expression performed using western blotting technique. (A) Protein expression levels of E-selectin in HUVECs cells treated by thyroid-stimulating hormone (TSH) (1 and 2 μM) for 6 and 24 h and (B) TSH treatment significantly increased relative expression of E-selectin. For analysis protein\'s bands densities, Image J software was used to analyze the densities. Each protein (in one repeat) bands normalized to β-actin bands.](RPS-13-546-g007){#F6}

Analysis of western blotting protein bands showed that, the E-selectin protein levels increased over 6 and 24 h of treatment with 1 and 2 μM of TSH in comparison to the control ([Fig. 7A](#F7){ref-type="fig"} and [7B](#F7){ref-type="fig"}). Moreover, between different doses of TSH, the E-selectin protein levels in a concentration of 2 μM was higher in comparison to 1 μM over the 24 h period. In contrast, in the 6 h incubation period, a higher protein expression was present in the 2 μM dose.

![Prortein detection for evaluation of E-selectin expression performed using western blotting technique. (A) Protein expression levels of E-selectin in HUVECs cells treated by thyroid-stimulating hormone (TSH) (1 and 2 μM) for 6 and 24 hand (B) TSH treatment significantly increased relative expression of E-selectin. For analysis protein\'s bands densities, Image J software was used to analyze the densities. Each protein (in one repeat) bands normalized to β-actin bands.](RPS-13-546-g008){#F7}

DISCUSSION {#sec1-4}
==========

The present survey evaluated the direct effect of TSH hormone in HUVEC. Indeed, TSH changes the levels of pro-inflammatory and angiogenic factors. Based on our results, TSH down-regulated the IL-6 protein levels in different treatment times. The amount of decrease was more noticeable in 12 h treated cells. In addition, our findings showed that TSH decreased the TNF-α level in all treatment times.

IL-6 has been recognized as a novel cytokine that is synthesized by numerous tissues, which is a major regulator of defense responses. One of the main effects of IL-6 is the stimulation of acute phase protein production, and the induction of lymphocytes development([@ref19]). The present research showed that HUVEC is a source of IL-6 and TNF-α.

According to previous studies, cytokine IL-6 has been suggested as the main factor in the suppression of thyroid action during no thyroidal disorder([@ref20]). Also, Antunes *et al*. in a similar survey reported that, TSH increases the release of IL-6 from adipocytes. These results were not parallel to our findings. This discordance may be related to the different cell lines and selected doses([@ref5]). Another survey by Diez *et al*. showed that in patients with hypothyroidism, TNF-α and sTNFR-I levels were higher in comparison to normal individuals([@ref21]). However, this was not relevant to our results. It could be stated that hypothyroidism is a multifactorial disorder that affected TNF-α in the study of Diez *et al*., but our survey evaluated the effects of TSH only on TNF-α at the cellular level. Indeed, according to the author\'s knowledge, the present study is the first to investigate the effects of TSH on pro-inflammatory factors such as TNF-α and IL-6 on HUVEC.

According to results of previous survey, TSH play major role as negative regulator of cytokine signaling (suppressor of cytokine signaling) (SOCSs) protein, that led to change in the signal transducers and activators of transcription (STAT) factors phosphorylation. It could be deduced that TSH signaling cooperates with the JAK-STAT pathway; therefore, there is signaling mutual impacts among TSH and cytokines SOCSs which exert a possible multiple biological functions that intervened by their SOCS box, Src homology 2 domain, and GTPase domain([@ref22][@ref23]).

In addition, based on previous studies([@ref22][@ref24])which led to Th1-skewing reticence results in TNF-a synthesis inhibition. It could be deduced that, TSH exerted its effects on SOCS and triggers the signaling of cAMP([@ref25]), leading to interruption of the JAK-STAT pathway, and NF-kB activation([@ref26][@ref27]), which resulted in inhibition of TNF-α and IL-6 expression levels.

Previous reports show that, in FRTL-5 cells, TSH and forskolin decrease the steady state of major histocompatibility complex class land ICAM-1 mRNA expression levels; besides, TSH/cAMP inhibit cytokines (interferon-γ and TNF-α)-mediated maximal ICAM-1 mRNA expression([@ref28][@ref29]).

In evaluating the effects of TSH on the expression levels of ICAM-1 and E-selectin as leukocyte adhesion molecules and VEGF as angiogenesis related factor, it could be suggested that, TSH by interacting with specific receptors on the HUVEC, induces angiogenesis (VEGF), and leukocyte adhesion (ICAM-1 and E-selectin).

Endothelial dysfunction is related to increased atherosclerosis risk, which is accompanied by the elevated expression of leukocyte adhesion, cell penetrability, and proliferation of vascular smooth muscle cells([@ref30]). VEGF is an essential angiogenic element, which promotes endothelial cells proliferation and increase vascular penetrability. VEGF may play a noticeable role in atherosclerosis progression([@ref31]).

TSH has a specific receptor that triggers the progression of two signaling pathways which include the adenylatecyclase-protein kinase A (PKA) and the phospholipase C-protein kinase C (PKC) pathways([@ref32]). As G-proteins-coupled receptors, TSH receptors have stimulatory effects on cAMP and phospholipase C-dependent pathways([@ref33][@ref34]).

A previous study performed by Balzan *et al*., showed the effects of TSH on angiogenesis by interaction with its receptor that was modulated with the cAMP-mammalian target of rapamycin signaling. They reported that, this impact is dependent on VEGF in human microvascular endothelial cells([@ref6])which is in accordance with our data and may suggest the possible mechanism of TSH effects in our study.

Similar to our results, Hoffmann *et al*. indicated that, TSH increases VEGF production in several ways including the PKC, more than the PKA pathway in thyroid cancer cell lines([@ref35]), this was in accordance with our findings.

An *et al*. reported that TSH and forskolin decrease the ICAM-1 mRNA levels in FRTL-5 thyroid cells([@ref29])and this does not agree with our data. This discordance might be related to the different activated signaling pathways in the FRTL-5 cells compared to HUVEC.

In a similar survey, Desieri *et al*. evaluated the effects of human recombinant TSH on biomarkers of vascular endothelial cell related factor. After human recombinant TSH administration, serum TSH was elevated. Concurrently, plasma sICAM-1 concentrations increased significantly as E-selectin([@ref36]), and these data are in parallel our results.

Overall, according to results from the presented study, in evaluating the effects of TSH on the gene and protein expression levels of ICAM-1, E-selectin, and VEGF, it had been confirmed that, TSH has a specific receptor on the endothelial cells, which induces multiple effects including the down-regulation of anti-inflammatory factors (TNF-α and IL-6) in addition to the induction of angiogenesis (VEGF), and leukocyte adhesion (ICAM-1 and E-selectin). In this regards, the elevated expression of leukocyte adhesion molecules is related to endothelial dysfunction and increased risk of atherosclerosis.

CONCLUSION {#sec1-5}
==========

Based on our findings, this theory arises that TSH could play a controversial role in atherogenesis by anti-inflammatory effects and conversely, angiogenesis and leukocyte adhesion induction resulted to vascular cell proliferation. Further studies should be conducted to evaluate the effect of TSH on atherosclerosis by evaluating the numerous pro-inflammatory and proliferative factors in different cell lines and animal models.
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